Abstract -Introduction. Pomegranate fruit is a good source of bioactive compounds. Although data about the importance of pomegranates in human nutrition has increased extensively in the last years, the fruit physical and chemical characteristics of some Iranian pomegranate cultivars during fruit ripening have not been investigated in detail yet. Therefore, the evaluation of physicochemical characteristics of pomegranate fruit cv. 'Rabbab-e-Fars' at three different stages, from fruit set to ripening, was the aim of the present study. Materials and methods. Fruit fresh weight and volume, and peel, aril, juice and seed percentage were measured as physical features and total soluble solids, pH, titrable acidity, ascorbic acid, total sugars, anthocyanins, phenolics and tannins, condensed tannins, and antioxidant activity in the juice were evaluated as the chemical properties.
Introduction
Pomegranate (Punica granatum L.) belongs to the Punicaceae family and is one of the oldest delicious edible fruits. It has been cultivated widely in many tropical and subtropical regions and its cultivation has increased in recent years [1] . Iran is one of the main producers and exporters of pomegranate in the world. The total pomegranate production of Iran was 670,000 t in 2005 [2] , and its production is rapidly increasing year by year. Fruit is consumed fresh or processed into juice, jams, syrup and sauce. Pomegranate is also used, traditionally, as medicine [3] .
The edible part (aril) of the fruit constitutes 52% of the total fruit weight (w/w), comprising 78% juice and 22% seeds [4] , though it depends on the cultivar. Pomegranate juice is an important source of anthocyanins, especially the 3-glucosides and 3,5-diglucosides of delphinidin, cyanidin and pelargonidin [5] , and some of the phenolic compounds and tannins such as punicalin, pedunculagin, punicalagin and ellagic acid [4] . In addition, the peel of pomegranate contains substantial amounts of polyphenols such as ellagic tannins, ellagic acid and gallic acid [6] .
The popularity of pomegranate is mainly due to a protective role in prevention of oxidation of both low-and high-density lipoprotein, blood pressure, inflammation, atherosclerosis, prostate cancer, heart disease and HIV-1 [7] [8] [9] [10] [11] . These beneficial effects have been attributed to the high level of antioxidant activity [12] . Phenolic acids, anthocyanin and ascorbic acid, either alone or in combination, are responsible for the antioxidant activity of pomegranate [13] .
Recently, the high antioxidant activity of the extracts from different parts of pomegranate fruit such as the peel, juice and seeds have been reported [12] [13] [14] [15] . Antioxidant activity and chemical changes in pomegranate arils during fruit development were analyzed by Kulkarni and Aradhya [4] . Various reports have shown significant variations in organic acids, phenolic compounds, sugars, water-soluble vitamins and mineral composition of pomegranates during the years [16, 17] . Al-Maiman and Ahmad have also studied changes in physical and chemical properties during pomegranate fruit maturation [18] . In addition, the physical and chemical characteristics of the fruit are highly dependent on the season of development and ripening [19] [20] [21] .
Data about the importance of pomegranates in human nutrition has increased extensively in the last years. In spite of the various pomegranate cultivars grown (more than 760 original, wild and decorative cultivars) in different regions of Iran, the fruit physical and chemical characteristics of some pomegranate cultivars during fruit ripening have not been evaluated in detail yet. As far as we know, there are no data in the literature about changes in total tannins, condensed tannin and antioxidant activity during growth and development of pomegranate fruit in Iran. Therefore, the objective of our present research was to investigate changes in physicochemical properties of pomegranate fruit cv. 'Rabbab-e-Fars' at three different stages, from fruit set to ripening.
Materials and methods
Pomegranate fruits cv. 'Rabbab-e-Fars' were selected randomly from different mature trees (14 years old) from the Agricultural Research Center of Yazd province, Iran. Since flowering occurs in three distinct waves, about 500 flowers were marked at full bloom to provide fruit samples. The fruits were harvested at different developmental stages, namely, 20, 80 and 140 days old from the day of fruit set. These times were chosen to find the effects of fruit set, maturation and ripening on fruit characteristics. Fruits were transferred soon after harvest in plastic bags to the laboratory, where pomegranates with defects (sunburn, cracks, cuts and bruises in peel) were discarded. Four replicates were maintained for each analysis; each replicate included five pomegranate fruits. All reagents, solvents and standards used were of analytical reagent grade.
Twenty fruits of each stage were individually analyzed for physical characteristics. Fruits were weighed on a balance with 0.001 g accuracy. Fruit volume was calculated by a liquid displacement method. The density of the fruit was obtained by the ratio of weight to volume. The length and diameter of the fruit and calyx were measured with a vernier caliper. The measurement of fruit length was made on the polar axis, i.e., between the apex and the end of the stem. The maximum width of the fruit, as measured in the direction perpendicular to the polar axis, is defined as the diameter. After whole-fruit size measurements, the arils were manually separated from the fruits, and total arils and peel per fruit were measured as above. The measurements of the peel thickness were made using the vernier caliper. Fruit juice content was measured by extraction of total arils per fruit using an electric extractor (Toshiba 5020). The dry matter (peels, juices and seeds) was determined by drying at 70 °C under vacuum [22] . The fresh juices were analyzed for major chemical composition and antioxidant activity.
Titratable acidity (TA) was determined by titration to pH 8.1 with 0.1 M NaOH solution and expressed as g of citric acid per 100 g of juice [22] . The pH measurements were performed using a digital pH meter (Metrohm model 601) at 21 °C. Total soluble solids (TSS) were determined with a digital refractrometer (Erma, Tokyo, calibrated using distilled water). The results were reported as °Brix at 21 °C. The maturity index (MI) was calculated by dividing TSS by TA. Total sugars were estimated according to the method described by Ranganna [23] and results were expressed as g per 100 g of juice. Ascorbic acid was determined by employing the method described by Ruck [24] and results were expressed as g per 100 g of juice. Total anthocyanins were estimated by the pH differential method using two buffer systems: potassium chloride buffer, pH 1.0 (25 mM), and sodium acetate buffer, pH 4.5 (0.4 M) [25] . The results were expressed as mg of cyanidin-3-glucoside equivalents per 100 g of juice.
Total phenolics were measured using the Folin-Ciocalteau method [26] . Total tannins were determined after adding insoluble PVPP and reacting with Folin Ciocalteau reagent [26] . The results were expressed as mg tannic acid equivalents per 100 g of juice. Condensed tannins were analyzed according to the method of Porter et al. [27] , and results were expressed as mg catechin equivalents per 100 g of juice.
Antioxidant activity was determined by the DPPH method described by Moon and Terao [28] . Briefly, 0.1 ml of pomegranate juice was mixed with 0.9 mL of 100 mM Tris-HCl buffer (pH = 7.4) to which 1 mL of DPPH (500 µM in ethanol) was added. The control sample was prepared in a similar way by adding 0.1 mL of water instead of pomegranate juice. The mixtures were shaken vigorously and left to stand for 30 min. Absorbance of the resulting solution was measured at 517 nm by a Cecil 2010 UV-visible spectrophotometer. The reaction mixture without DPPH was used for the background correction. The antioxidant activity was calculated using the following equation: antioxidant activity (%) = [1 -(A sample 517 nm / A control 517 nm )] × 100.
Data were analyzed by Statistical Analysis System (SAS) software Version 9.1 using analysis of variance (ANOVA) and differences among means were determined for significance at P < 0.05 using Tukey's test.
Results and discussion
The physical properties of pomegranate fruit at each stage showed significant differences, except fruit density and calyx length (table I). The mean fruit weight of the three different stages comprised (76.71, 150.32 and 235.09) g, respectively, for 20, 80 and 140 d after fruit set (table I). The fruit weight increased progressively during fruit ripening, which is in agreement with Al-Maiman and Ahmad [18] . Shulman et al. [29] reported that increase in the fruit weight varied depending on the cultivars and ecological conditions. According to our results, as the fruits matured, fruit volume also increased (table I) . Thus, there is a close relation between fruit weight and fruit volume. Similar results were also reported for avocado [30] . A significant increase in length and diameter of the fruit was observed during fruit ripening. The highest length (71.15 mm) and diameter (83.16 mm) of the fruit were recorded in 140-day-old fruit M. Zarei et al. Means of 20 fruits in each column followed by different letters are significantly different (P < 0.05); ±, standard deviation.
(table I). The [length / diameter] ratio of fruit decreased significantly with the advance in fruit development, which was consistent with previous reports [31, 32] . The calyx diameter showed significant increase, but calyx length did not show significant increase during fruit ripening (table I) . A significant decrease in peel thickness was observed from 5.26 mm in 20-day-old fruit to 3.05 mm in the 180-day-old fruit (table I). It was assumed that this decrease was due to increase in the fruit growth rate, which agrees with the results reported by Gozleski et al. [32] . The peel and seed percentage declined significantly, while the percentage of aril and juice (of the whole fruit) increased significantly during fruit maturity (table I). The lowest amount of peel (42.13%) and seeds (10.49%) and the highest amount of aril (57.86%) and juice (48.01%) were recorded in 140-day-old fruit. About half of the whole fruit weight during many stages of fruit ripening consisted of the aril. The results were in agreement with the findings reported by Shulman et al. [29] and Gozleski et al. [32] . Al-Maiman and Ahmad [18] also reported that these differences could be attributed to metabolic changes during ripening. The peel and juice dry matter showed significant increase, but seed dry matter did not show significant increase during fruit ripening (table I) .
One of the processes occurring during fruit ripening is the hydrolysis of starch that accumulates into simple sugars in the early stages of fruit development. Starch and sucrose change into glucose during fruit ripening [33] . The concentration of total soluble solids and total sugars increased significantly during fruit ripening (table II). The highest contents of total soluble solids (19.56%) and total sugars (17.88 mg·100 g -1 ) were observed in 140-day-old fruit. Biale reported that the increase in total soluble solids and total sugars during fruit ripening was due to hydrolysis of starch into sugars [34] . Similar patterns of changes were reported for other pomegranate cultivars [5, 18, 35] , blackberry [36] and sweet cherry [37] .
Titratable acidity content decreased significantly, while pH value increased significantly during fruit ripening (table II) . The lowest titratable acidity content (1.35 g·100 g -1 ) and the highest pH value (3.23) were recorded in 140-day-old fruit. Acidity was inversely correlated with pH. The ripe fruit, which had a low acid content, had a correspondingly high pH. Titratable acidity reduction can be used as a standard criterion to detect maturation, like soluble Maturity index Total sugars (g·100 g M. Zarei et al.
solid content. A reduction in titratable acidity content was also reported for other fruits, such as mango and banana [38] , and blackberry [36] .
The maturity index [TSS / TA] also appeared to be a good indicator of fruit maturity as it increased significantly during fruit ripening (table II) . Chace et al. reported that titratable acidity content of 1.8% and soluble solid content of 17% could be used as the signs of maturation in some pomegranate cultivars grown in California [39] .
Anthocyanins are members of the phenolic compounds that contribute to the red, blue or purple colors of many fruits, including pomegranate juice, and they are well known for their antioxidant activity. The total anthocyanin content increased significantly during fruit ripening, being (3.68, 15.28 and 24.42) mg·100 g -1 for (20-, 80-and 140-) day-old fruits, respectively (table II) . A rapid increase in total anthocyanin concentration during ripening was also reported for the 'Mollar' and 'Ganesh' pomegranate cultivars [5, 18] .
Ascorbic acid is abundant and it has many biological functions in fruits; it has some roles such as controlling many aspects of redox (oxidation-reduction) and antioxidant activity [4] . In our data, the ascorbic acid concentration declined significantly during fruit ripening, being a minimum of 9.78 mg·100 g -1 in 140-day-old fruit (table II) , which is in agreement with Kulkarni and Aradhya [4] . A decrease in ascorbic acid level and an increase in total sugar and total anthocyanin contents during fruit ripening are due to the shift in the metabolic activity toward biosynthesis of anthocyanins. As significant decrease in the level of total phenolics was observed during fruit ripening (table II) . The lowest total phenolic content (786.20 mg·100 g -1 ) was recorded in 140-day-old fruit. The decline in the total phenolic level may be due to the oxidation of phenolic content by polyphenol oxidase that characterizes these stages of maturity [40] . Similar results were also reported for banana [41] , pear [40] , strawberry [42] , guava [38] and other pomegranate cultivars [5, 18] . A reduction in total phenolics along with the greatest accumulation of total anthocyanins may contribute to the biosynthesis of the flavylium ring of anthocyanins.
Tannins are secondary metabolites which defend plants from herbivores by protein precipitation and increased acidity. It has been reported that tannins play an important role in human health and are implicated with numerous biological properties. Total tannin content reduced significantly during fruit ripening (table II) . The decline in the soluble tannin level with fruit ripening was also reported in different persimmon cultivars [43] . A decrease in the total tannins reduces the astringency of fruit, which is a desirable sensory attribute in pomegranate.
Condensed tannins are also known as proanthocyanidins, which are polymeric flavonoid molecules that are found in a range of higher plant species. The amount of condensed tannin decreased significantly during fruit ripening (table II). The decline in condensed tannin content may be due to increasing enzyme activity such as anthocyanin synthase (AS) and 3-glycosyl transferase (3GT) in the formation of anthocyanins [44] .
Antioxidant activity was measured in terms of its radical scavenging potential. Antioxidants react with DPPH, which is a stable free radical, and convert it into α, α-diphenyl-β-picryl hydrazine. The degree of discoloration indicates the scavenging potential of the antioxidant extract. The level of antioxidant activity was reduced significantly during fruit ripening (table II) , which was in agreement with the results of Kulkarni and Aradhya [4] . The decline in antioxidant activity might be due to a decreased concentration of phenolic compounds and ascorbic acid.
Conclusions
The changes in the physical and chemical characteristics of pomegranate, from fruit set to ripening, clearly explained its growth, development and ripening stages. These results provide important knowledge of changes in total phenolics, total tannins and condensed tannins during fruit growth and maturity, emphasizing that pomegranate fruit can be a good source of bioactive compounds. In addition, these data are very useful for determination of the fruit quality. However, since there are many pomegranate cultivars in Iran which are consumed fresh or processed, more studies of physical and chemical properties are required for different cultivars.
